In plants the minerals appear in inorganic as well as in organic compounds.
The largest amounts of potassium is encountered in young cell tissue rich in cytoplasm, especially in the growing point and in young leaves as well as in the storage regions of the plant, as for example in potato tubers.
Sodium compounds. Plants absorb sodium as Na 4 -ions and in this form it is maintained in the cell tissues. Sodium may form salts soluble in water with citric-, malic-and oxalic acid. The Na-content of plants varies considerably. Sodium philic plants, i.e. Beta-roots and spinach, contain 15-20 mg Na/g of dry matter, most plants [2] [3] [4] [5] mg/g and sodium phobic plants less than 1 mg/g of dry matter (Mengel 1965, p. 279) .
Calcium compounds. Plants absorb calcium as Ca ++ -ions, in which form it is also encountered in the cell tissues (Collander 1960, p. 101) . Of the inorganic Ca-compounds there is plenty of calcium carbonate both in the protoplasm and the wall of the cell (Baumeister 1958, p. 517) . According to Mengel (1965, p. 282) Ca-phosphates and Ca-oxalate exist beside Ca-carbonate in the vacuoles of the cell and as incrusting substances in the cell wall.
Calcium sulphate is common in the sap of the cell (water solubility 0.2 %) whereas gypsum crystals are seldom encountered (Baumeister 1958, p. 517) .
Of the organic Ca-compounds calcium oxalate in crystal form is common in plants. Of the calcium in sugar beets, sugar beet tops and silage, sugar beet pulp and lucerne meal a considerable part is in the form of calcium oxalate (Brune and Bredehorn 1961, p. 214) . According to Garz (1966, p. 141) it is possible that part of the calcium in seeds of beans occurs as oxalate and carbonate.
The rhombic crystals of calcium tartrate have in some cases been encountered in plant material (Baumeister 1958, p. 517) .
Calcium pectate occurs in the middle lamella of the cells and in the primary wall of the cell (Baumeister 1958, p. 517) . The pectin of the middle lamella of the cells is insoluble in water being saturated with calcium. On the other hand the monovalent compounds of calcium are readily soluble (Matson et al. 1951, p. 40) . According to Paloheimo (1956, p. 27) the pectin content in the dry matter of sugar beet pulp is c. 50 % and that of young grass sometimes almost 20 %.
Calcium may also form a salt with lecithin. The lecithins form salts soluble in lipides with the divalent-(Ca and Mg) ions. A considerable part of the calcium and magnesium in seeds of Leguminosae-plants is tied to protein and to pectin (Garz 1966, p. 143) . Kostytschew and Berg (ref. Baumeister 1958, p. 516) have observed that of the total amount of calcium in the leaves of white clover ('Trifolium repens) 42.4 % is soluble in water and of potato stalks 16.5 %. The corresponding figures for seeds of peas and beans are c. 18 and c. 17 % respectively (Garz 1966, p. 143) . According to him 54 and 40 % of the total amount of calcium is difficultly soluble (as carbonates and oxalate) in seeds of beans and peas respectively. According to Abutilow (ref. Baumeister 1958, p. 517) water-soluble calcium is primarily found in the topmost youngest parts of the plant, whereas calcium soluble in acid primarily is encountered in the lower parts of the plant.
Magnesium compounds. Magnesium in plants is mostly encountered as free ions (Collander 1960, p. 101) . Magnesium as a salt (Mg-oxalate, phytin) is free or sorptically bound as an ion or as a chelatic compound (Mengel 1965, p. 286) . Magnesium occurs in the protoplasm of the cells both in inorganic and organic form (Humphries 1956, p. 477) . The proportion of chlorophyllmagnesium is c. 20 % of the total amount of magnesium and is not much dependent on the magnesium supply (Popp 1936 , p. 129, Michael 1941 . Hasler et al. (1966, p. 375) (Hewitt 1963, p. 174) .
According to Garz (1966, p. 145) 58 and 86 % respectively of the magnesium of the seeds of peas and beans is soluble in water. In the cotyledons of these seeds a considerable part of the magnesium (as well as the potassium) is bound to phytic acid as a water soluble salt.
According to Michael (ref. Baumeister 1958, p. 527) 60-85 % of the total amount of magnesium in leaves of maize is soluble in hot water. The proportion of the water soluble fraction of magnesium is independent of the magnesium supply. In plants magnesium is primarily found in leaves and seeds (Baumeister 1958 , p.. 527, Humphries 1956 .
Methods
By incineration the crude ash can be determined. By subtracting carbon, sand and carbonic acid from the crude ash we get the pure ash (Hermann 1951, p. 25) . The analysis of the ash does not give a true picture of the nature and quantities of the minerals of plants because the method of burning to eliminate the organic compounds changes the composition of many minerals. The ash is an artificial product which does not as such form a part of the plant. Only a small part of the compounds included in the ash occurs as such in the plant (Paloheimo and Mäkelä 1966,p. 241) .
In addition to the total ash content the present investigation attempts also to determine the valuable constituents (P, K, Ca and Mg) included in it. Special regard has been given to the water-soluble ash and the ash content of the water-soluble fraction of the plant and to the water-soluble portion of the aforementioned cations and phosphorus. In addition, the total amounts of crude protein, chloride and sodium have been determined.
An attempt was made to determine the total ash content free from carbon (Paloheimo and Mäkelä 1966) .
The water-soluble ash was determined by burning [3] [4] [5] Naumann (1962, p. 74 ). This method is approximately the same as those presented by WiegnerPallman (1938, p. 96) and Nehring (1960, p. 114) . The protein determination was carried out using the KjELDAHL-method. The chlorine determination was made according to Humphries (1956, p. 487) .
When preparing the samples, chopped plantmaterial was kept in a thermostat at 90-95°C for 24 hours and then finely ground. On the other hand slices of roots and potato were held at 70°C for 24 hours in a vacuum drying apparatus where after they were finely ground.
As each method of analysis was taken into use several determinations were run simultaneously. When the determinations have given approximately the same results only one sample has been used for the analysis. The plantmaterial for the investigation of the mineral compounds was collected primarily from the University of Helsinki Experimental Farm Viik. The samples have been collected from the fields and edges of the farm from areas as free from dust as possible.
Results and conclusions
The results of the investigation are presented in tables 1, 2 and 3. They contain figures expressed as percentages of the dry matter of the respective compounds on the total ash, the water-soluble ash, the ash of the water-soluble fraction, the crude protein, P, Cl, K, Na, Ca and Mg. In the following when for example the watersoluble phosphorus and potassium is mentioned, it applies to that part of these elements, which is contained in the soluble fraction of the investigated sample. Correspondingly e.g. the water-solubility of phosphorus means a percentage expressing how great an amount of the total phosphorus content is contained in the water-soluble fraction. On the other hand the water-soluble ash refers to the proportion of the ash that dissolves when ash is dissolved in water. The ash of the watersoluble fraction scarcely needs to be further explained.
Excluding Cl and Na the water-solubility of the different elements is reported. The corresponding figure for Cl is not given because the total amount of Cl occurs in water-soluble form. The water-solubility of Na is not given because the results of the investigation in this respect proved to be quite uncertain, apparently due to the very small proportions in the examined samples. It may, however, be mentioned that the investigated samples contain much more water-soluble Na than insoluble Na. The proportions of crude protein have been included because they in some respects characterize the quality of the product. The water-soluble fraction of the ash and the useful minerals reflects the most valuable part of the minerals as for as animal and human nutrition is concerned. This fraction does not, however, contain all the valuable mineral elements of the food. Many minerals soluble in acid but not in water, e.g. di-and triphosphates of calcium and magnesium, calcium-and magnesiumcarbonates, calciumoxalate and many organic esters of phosphoric acid, are important in nutrition. In addition, by determining the water-soluble fraction of the minerals, some information on the nature of mineral compounds is received. The investigated material represents a variety of quite different groups of plant products.
Consequently, it is understandable that common characteristics are rare. In the tables we find the following border values, with the respective border values of the water-solubility given in parantheses. T o t a l T o t a l P e r c e n t .
T o t a l T o t a l
Per c e n t .
T o t a l P e r c e n t . Table 1 . Timothy, cocksfoot, meadow fescue and meadow grass have grown on intensively manured fields, whereas the others are natural edge plants. Timothy, cocksfoot and meadow fescue have two or three growth stages. It can be seen that the total ash content decreases as the plant grows older. The proportion of ash of the water-soluble fraction as well as that of the water-soluble ash in the total ash, however, remain almost unchanged. When the plant grows older the crude protein content of the dry matter decreases considerably. The same is also true of the contents of P, K, Ca and Mg. Kerguelen (1960, p. 206) has observed that when the leaves of perennial Gramineae-grasses grow older their content of Si, Mg and Ca increases while the content of P, K and Na decreases. Gueguen and Fauconneau (1960, p. 157) T o t a l T o t a l P e r c e n t .
T o t a l T o t a l P e r c e n t .
T o t a l P e r c e n t . Table 2 . When the plant grows older the ash content decreases considerably, the contents of water-soluble ash as well as that of the ash of the water-soluble fraction to a lesser degree. Similarly also the contents of crude protein, P, Na, Ca and Mg decrease considerably, even to one half, as the plant develops from the leaf stage to the blooming stage. On the other hand the Cl-content decreases only slightly and the content of potassium remains the same. Garz (1957, p. 218) has observed even more drastic decreases of N and P in lucerne and in the fractions (phosphatide-and nucleic-P and inorganic P) of phosphorus as the plant develops from a seedling of 10 cm to the blooming stage. The ash content of the stalks of red clover at the leaf stage as well as the contents of the water-soluble ash and the ash of the water-soluble fraction are considerably higher than those of the leaves. On the other hand the reverse is true at the blooming stage. Both at the leaf and blooming stage the contents of crude protein, P and Ca, of the leaves are considerably higher than those of the stalks; at the blooming stage this is true also for the content of Mg. On the other hand the content of potassium of the stalks is higher than that of the leaves. Gueguen (1959, p. 218) has obtained similar results with lucerne. With regard to the contents of Na and Cl, no district differences can be observed. The contents of ash, of the ash fractions as well as of P, K, Ca, Mg and Cl are 1 y2-2 times as high in the upper parts of the stalks than in the lower parts at the blooming stage. The content of Na at the blooming stage is small both in the leaves and the stalks. The contents of ash and Ca are lower but the content of P is higher in red clover flowers than in the leaves. The proportion of water-soluble ash of the total ash in red clover is both at the leaf and blooming stage only 50-55 %, i.e. smaller than the corresponding value for the Gramineae-grasses. Especially in the leaves the water-solubility of the ash is small, only slightly more than 40 %, while the corresponding value for the stalks is 70 %. The water-solubility of phosphorus, 70-80 %, is similar, and that of potassium almost the same, about 90 %, as for the Gram.ineae-gra.sses. According to Garz (1957, p. 218) in lucerne the proportion of inorganic P is about 2/3 of the total P during the whole of the growing period.
As the inorganic P is a storage product, one may conclude that it occurs as easily soluble salts. This may also be true for red clover.
The water-solubility of Ca and Mg, c. 50 and 75 % respectively, of red clover at the leaf stage, is the same and at the blooming stage (for Ca c. 30 % and for Mg c. 50 %) less than for the Gramineae-grasses. The water-solubility of Ca of red clover at the blooming stage is especially low, particularly in the flowers and stalks, only 15-20 %. Concluding from the fairly high contents of Ca-and Mg-compounds insoluble in water, the proportions of Ca-and Mg-carbonate, Ca-and Mg-pectate, possibly, also of Ca-and Mg-salts of lecithin, are encountered in much greater quantities than in the Gramineae-grasses. Gueguen (1949, p. 249) has observed that grasses and leguminous plants generally contain 0.3 and 1.6 % Ca respectively in the dry matter. On the other hand the contents of P, K and Na are about the same.
Cereals. Table 2 furthermore gives the mineral contents of spring wheat and oat grains, some cereal products, and oat and rye straw. In the grains, wheat bran and straw the proportion of the water-soluble ash is considerably higher, generally about twice as high, as the ash content of the water-soluble fraction. This may be due to fact that part of the minerals which in the sample occur as water-insoluble compounds, appear in water-soluble form in the ash. The opposite seems to be true for brewers' grains, the ash content of the latter proportion being about 3 times as high as of the former. The explanation why brewers' grains still contain water-soluble minerals apparently is that they are contained in the juice. The grains contain fairly high, brewers' grains and particularly wheat bran quite high, contents of phosphorus. The water-solubility of phosphorus is, however, only 40 %, except for brewers' grains where it is higher. The P of the cereal grain is to a considerable part contained in phytin insoluble in water; according to Mengel (1965, p. 260) even 80 %. Concluding from the scarcity of calcium, all phytic acid is hardly phytin, but part occurs also as water-soluble K-phytate or as an acid salt of phytic acid which according to Garz (1966, p. 148) is common in seeds of plants belonging to the Leguminosaefamity. Phytin occurs particularly in the hull of the grain and in the aleuron layer (Dangschat 1955, p. 64) which explains the high content of P in wheat bran. The contents of K and Ca are especially low in cereal grains. The low content of calcium is due to its poor translocation in plants (Mengel 1965, p. 281).
The water-solubility of K in cereal grains, as well as in brewers'grains and wheat bran, is only 60-80 %, which may be due to the incomplete extraction of K in cold water. The water-solubility of calcium in grains and brewers' grains is fairly high, c. 70 %; therefore only a small part of calcium is bound to phytin. On the other hand only 35 % of the calcium in wheat bran is soluble in water. The water-solubility of magnesium in grains is only c. 50 % or less. It is especially low in wheat bran. The ash content of the hulls of oat grains is about 3 times as high as that of the core. On the other hand the quality of the ash as far as animal nutrition is concerned is inferior to that of the core. The awns of barley are to a certain extent similar to the hulls of oats with respect to their mineral content, the ash content of the awns is, however, considerably higher than that of the hulls. Regardless of the poor watersolubility of the ash of the awns their content of water-soluble ash is at least twice as high as that of the hulls of oat. The awns also contain more P, K, Ca and Cl than the hulls of oat. The straw of oat, excepting P, is richer in minerals than the straw of rye. At the time when the grains ripen the minerals are transferred from the straw to the grains, making the straw poor in minerals (Knowles and Watkin 1931, p. 616) .
Potat o, roots and tops. The mineral contents of potato, roots and tops are presented in Table 3 . The ash content of potato tubers is low, but the watersolubility of the ash high, c. 90 %. They are especially deficient in calcium, containing c. 0.1 %. The ash content of swede roots and carrots is high and the water-solubility of the ash c. 80 %; whereas the water-solubility of Ca and Mg is quite low. The mineral content and the water-solubility of the minerals of white cabbage is similar to that of roots. The ash contents of tops, spring rape and potato stalks are quite high, but the water-solubility of the ash is only about 60 %. The Ca content is very high, but the water-solubility of the Ca of sugar beet tops and potato stalks is quite low. According to Brune and Kudlich (1958, p. 1) sugar beet tops contain ample supplies of both oxalic acid and pectin appearing as Ca-compounds insoluble in water. The contents of Mg and Cl in sugar beet tops and potato stalks are especially high.
Some other plants. Strigel (1912, p. 357) , when comparing the mineral contents of dandelion and leguminous plants. Of The ash content of water horsetail (Equisetum fluviatile ) and of the leaf-stalks of common horsetail [E. arvense) is especially high, but the water-solubility of the ash is low, less than 50 %. The reason for the low water-solubility of the ash is probably due to the ample quantities of insoluble Si-compounds. The contents of water-soluble ash and of separate minerals in horsetails are approximately the same as in meadow fescue at the leaf stage, except that the horsetails, especially the water horsetail, contain more Ca and Mg. The water-solubility of Ca in the horsetails (23 -27 %) is, however, much lower than in the meadow fescue.
The ash content of chickweed (Stellaria media) is exceptionally high, c. 24 % in the dry matter. The water-solubility of the ash is 68 %. Among the cations the high K-content (c. 10% in the dry matter) is noticeable. The potassium is however far from being completely soluble in water. On account of the high K-content the alkalinity of the ash is exceptionally high, being equivalent to 12.5 % CaC0 3 in the dry matter, when the corresponding values for red clover and timothy coming into ear are 8 and 2.5 respectively. With respect to the contents and water-solubility of other minerals the chickweed does not deviate except that the water-solubility of Ca is exceptionally low (4 %).
Cladonia alpestris is with respect to the mineral content the opposite to chickweed. The ash content is only c. 2 % in the dry matter and at the same time the water-solubility of the ash is very low (19 %) . Also the separate anions and cations are very scare and their water-solubility is poor. 
T o t a l
Per c e n t . Tables  I-3 . Of the minerals the ash and the water-soluble part of it were determined, as well as the ash of the water-soluble fraction and the cations and anions P, Cl, K, Na, Ca and Mg. The determination of the water-solubility to some extent characterizes in what form the minerals occur in the plant. The following results were obtained in the determinations of the contents of total ash and the water-solubility.
1. As the Gramineae-grcLSses grow older the contents of ash and of individual minerals decrease, while the water-solubility simultaneously slightly declines ( Table 1 ). The water-solubility of the ash and P is 70-80 %, that of K almost complete, that of Ca c. 50 % and that of Mg in general 60-70 %.
2. When red clover develops from the leaf stage to the blooming stage the contents of ash, N, P, Na, Ca and Mg decrease considerably, even to one half, while the content of K remains unchanged ( Table 2 ). Simultaneously one can observe a decrease in the water-solubility. The water-solubility of the ash is 50-55 %, that of P 70-80 %, that of K almost complete, that of Ca 30-50 % and that of Mg 50-70 %. The contents of N, P and Ca in the leaves are considerably higher than in the stalks; at the blooming stage this is true also for Mg. On the other hand the content of K in the stalks is higher than in the leaves. The mineral content of the flowers is similar to that of the leaves, except that the content of ash is lower and that of phosphorus higher.
3. The water-solubility of the ash of cereal grains, cereal products and straws is 40-60 % ( Table 2 ). The water-solubility of P in grains and wheat bran is c. 40 %, in brewers' grains and straw 60-80 %. The water-solubility of K is only 60-80 %, except in straw where it is 90 %. The water-solubility of Ca in grains and brewers' grains is c. 70 %, in the wheat bran and straw 30-40 %, in hulls of oats 20 % and awns of barley 66 %. The water-solubility of Mg in brewers'grains is almost 70%,.
in oat grains and straw c. 50 %, in wheat grains and bran 20-30 %.
4. The water-solubility of the ash of roots and potato (Table 3) is high, 80-90 %. The ash content of tops and potato stalks is quite high, but the water-solubility of the ash only approximately 60 %. The water-solubility of P of the aforementioned plants and parts of plants is 70-90 % and that of K almost complete. The watersolubility of Ca in potato tubers, swede tops and spring rape is c. 50 %, where as it is low in other plants, especially in sugar beet tops and potato stalks. The watersolubility of Mg in potato tubers and tops is c. 70 %, whereas it is low in carrots,, potato stalks and especially in swede roots.
5. In Table 3 are furthermore presented the mineral contents of some plants belonging to various groups of plants which to a limited extent may be used by some animals. The dandelion (Taraxacum officinale) is quite similar to the meadow fescue at the leaf stage with respect to its mineral content and the water-solubility of various minerals. The common sedge {Carex Goodenowii) is with respect to its mineral content and the water-solubility of the minerals similar to the blooming timothy, except; that the amount and water-solubility of P is low. 
